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改善できる Al合金等を積層させた Al/Mgクラッド材の研究が進んでいる． 
 本研究では市販されているマグネシウム合金を低コストで製造するために，双ロール法
を使用して Al を 9％以上含有させた高強度アルミニウム合金板の製造を目的として，研究
を行った．まず，第２章において，従来の双ロールキャスターとは異なり，冷却能の高い
双ロールキャスターを用いて，代表的な鋳造用Mg合金である AZ91の他，アルミニウム含
有量を 12％まで増加させた AZ121 材料の高速鋳造実験を行なった．得られた高 Al含有マ
グネシウム合金板材を厚さ 1mm（総圧下量 75％）になるまで熱間圧延した板材の引張試験
を行った結果，AZ91D の引張強さは 308MPa，0.2%耐力は 173MPa，破断伸びは 6.96%，










層 Al/Mgクラッド材，および三層 Al/Mg/Alクラッド材を製造する実験を行った．その結果, 
溶湯から直接的に二層 Al/Mgクラッド材，および三層 Al/Mg/Alクラッド材を製造可能であ
ることを明らかにした．得られた二層クラッド材では接合界面が明確に存在し，AZ91D は





















Various efforts have been made in various countries around the world to mitigate 
global warming. For example, in the Conference of the Parties to the United Nations 
Framework Convention on Climate Change (COP), global agreement defining the 
global warming mitigation measures directly has been reached. Historically, carbon 
dioxide, one cause of global warming, is called a greenhouse gas with methane and 
chlorofluorocarbons and has increased with the development of industry. One report 
suggested that carbon-dioxide emissions will double or more compared to current 
emissions by the end of the 21st century. In the automotive industry, carbon-dioxide 
emissions have been reduced by applying weight-reduction technology and 
environmental technologies to vehicles.  In the future, vehicle weight-reduction 
technology will play an important role among car manufacturers.  
The density of Magnesium (Mg) is 1.738kg/m3, about 2/3 that of aluminum (Al) and 
1/4 that of iron (Fe), making it the lightest practical metal.  In addition, it has high 
specific strength, specific stiffness, shock absorption, electromagnetic shielding, and 
machinability and has excellent recyclability. Practical use of magnesium alloy in fields 
of vehicle weight reduction has been anticipated, but magnesium alloy has poor 
workability at room temperature due to its close-packed hexagonal structure (HCP). For 
this reason, plastic working of magnesium alloy has been performed at 250℃ or higher. 
In the manufacture of wrought magnesium alloy sheets, it is necessary to repeatedly hot 
roll cast magnesium thick slabs. This is one factor preventing the practical application 
of magnesium alloys. In addition, magnesium alloy has poor corrosion resistance, 
further limiting its application. In recent years, research in Al/Mg cladding material has 
focused on improving the surface of magnesium alloys by laminating an Al alloy on to 
the magnesium alloy, the core metal of the clad material, to improve corrosion 
resistance. 
Twin-roll casting experiments have been conducted to produce low-cost wrought 
magnesium alloys with high strength and 9% or more aluminum content. In Chapter 2, a 
twin-roll casting experiment with more rapid cooling than a conventional twin-roll 
caster was conducted. AZ91 and other high-aluminum-content aluminum Mg alloys, 
such as AZ121, have been fabricated. Cast magnesium alloys hot rolled with 75% 
reduction produced AZ91D alloys with 308MPa tensile strength, 173MPa 0.2% proof 
stress, and 6.96% elongation. AZ121 alloys with 423MPa tensile strength, 380MPa 
0.2% yield strength, and 1.89% elongation were also fabricated. 
The heat-transfer coefficient between the molten metal and roll surface during 
high-speed twin-roll casting was obtained from numerical tests by a simple 
solidification theory.  The heat-transfer coefficient between magnesium and the roll is 
a 8.0 × 104W/ m2K and would be constant at 4m/min and 16m/min roll speeds. The 
solid phase ratio at the center of the roll axis was estimated to be 50% or more during 
solidification. 
Next, two-layered Al/Mg cladding material and three-layered Al/Mg/Al cladding 
material were fabricated using a tandem twin-roll caster and thermal energy during 
solidification. It has been demonstrated that the proposed method could produce 
two-layered Al/Mg cladding material and three-layered Al/Mg/Al cladding material. 
The bonded interface of the two-layered clad material was clearly visible and AZ91D 
was not re-melted by the heat from the A1050 alloy fabricated at the second rolls. 
Fabrication of three-layered Al/Mg/Al clad material, made by core metal (Mg) cast by 
the first rolls with skin metal (Al) cast by the second rolls clarified that the three-layered 
Al/Mg/Al clad fabricated had insufficient bonding strength between the core and skin 
material, primarily due to the effects of intermetallic compounds precipitated at the 
bonding interface. An EBSD analysis performed at the interface indicated intermetallic 
compounds Al3Mg2 and Mg17Al12 in the mixed layer at the interface between the 
cladding materials. More Al3Mg2 was seen in the interface of the cladding materials.  
Finally, a new process for fabricating three layered A/Mg/Al was tested by using a 
downward melt drag and a melt drag process. In the range of the tested condition, it has 
been found that bending of three layered A/Mg/Al was possible when the bending 
radius was less than eight times of the cast three layered A/Mg/Al clad sheet. However, 
more detailed research work is necessary to clarify the relation between the thickness of 
the intermetallic at the interface of the cladding materials and the bonding strength of 
the three layered A/Mg/Al clad sheet. 
  Producing high-strength magnesium alloy and cladding material by the horizontal 
twin-roll casting method definitely contributes to the practical use of magnesium alloy, 
and the increased use of magnesium alloy can contribute to the innovative lightweight 
technology. This thesis can thus be considered to contribute to the development of 
engineering. 
 
 
 
 
 
